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Fecha de Presentacion Internacional  06/Febrero/2006

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45
de la Decisidn 486 de la Comisiéon de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 93 a 252 31/Julio/2007
Reivindicaciones: Folios 252 a 258 31/ Julic/2007
Dibujos: Folio 260 31/Julio/2007
Prioridad: US 60/650,047 4/Febrero/2005

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 4886), y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion

Titulo de |a solicitud: “Anticuerpos que ligan al EphA2 y sus métodos de uso’.

El problema planteado en esta solicitud consiste en la necesidad de suministrar
anticuerpos para inhibir el crecimiento de células tumorales.
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Para resolver este problema técnico la solicitud en estudio proporciona un anticuerpo
gue se une a EphA2.

El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): A61K 39/395; CO7H 21/04; CO7K 16/30; C12N 5/06; C12P 12/06.

4. Excepcidn a la Patentabilidad (Art 20 D 486 literal (d))
El objeto de la reivindicacion 23 no es patentable de acuerdo con el Art citado.
5. De la Solicitud de Patente

Titulo

Eltitulo no corresponde con el objeto de la solicitud porque hace referencia a método
y uso, lo cual no se considera materia patentable, por lo cual se sugiere al Solicitante
hacer la correccidn necesaria.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

El capitulo reivindicatorio no es claro ni conciso porque utiliza las expresiones “una
inmunoglobulina®, “un fragmento”, “SPL1, LUCA19, SG5 o LUCA40-", “(...) que
codifica para la inmunoglobulina o e! fragmento que liga el antigeno de la misma de
la reivindicacion 1", “donde el acido nucleico esta ligado operativamente a un
promotor”, “un vector de expresién”, “un anticuerpo monocional”, “una linea de
celulas transfectada”, “(...) que es humanizada”, “(...) que es quimerizada”, “(...) es
un anticuerpo humano”, “(...) es un derivado”, lo cual dificulta determinar la extensiéon
del objeto que se busca proteger. Se recuerda al solicitante que un polipéptido y un
acido nucleico (un vector) se caracterizan por sus secuencias de aminoacidos y
polinucledtidos, respectivamente. Asi mismo, un anticuerpo se caracteriza por la
secuencia de las regiones variables de las cadenas pesada y ligera o la secuencia

de las regiones determinantes de complementariedad (CDRs).
Para la reivindicaciéon 7 no se define el tipo de célula transfectada.

Las reivindicaciones 1, 2 y 20 caracterizan fa inmunoglobulina por “que liga a
antigeno”, “la habilidad para ligar al EphA2”, “la habilidad para impedir la proliferacion
de celulas de tumor (...)", “la habilidad para suministrar un agente terapéutico (...)",
‘compite para ligarse al EphA2 (...)", que son resultados a alcanzar y no definen ala
inmunoglobulina puesto que la reivindicacion incluiria no sélo |la solucién propuesta
por el solicitante, sino todas las alternativas presentes o futuras que lleguen a ese
resultado. Se sugiere reemplazarlo por |as caracteristicas esenciales o estructurales
que contribuyen a la obtencién de ese efecto, como la secuencia de las regiones
variables de las cadenas pesada y ligera o la secuencia de las 6 regiones
determinantes de complementariedad (CDRs).

La reivindicacién 8 no es concisa porque utiliza las expresiones “bajo condiciones en
las cuales la inmunoglobulina o el fragmento que liga al antigeno son expresados”
‘cosechar”, lo cual dificuita determinar la extension del objeto que se busca proteger,
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Se recuerda al solicitante que un método se caracteriza por una secuencia de etapas
y las condiciones bajo las cuales se llevan a cabo.

Debido a que la solicitud se refiere a material bioldgico, es necesario presentar el
Certificado de Depésito para los hibridomas a los que se hace referencia en las
reivindicaciones 10y 14.

El capitulo reivindicatorio presenta enmendaduras (Folio 252), lo cual no permite
garantizar la veracidad de la informacién. Se sugiere hacer la aclaraciéon necesaria.

Se sugiere al solicitante corregir errores tipograficos y de traduccion. Por ejemplo, en
la reivindicacién 5 *(...) el acido nucleico son obtenidos es un vector de expresion”, y
en la reivindicacion 14 "es producido por un hibridoma depositado con el American
type Cultura (...)".

Se requiere al Solicitante hacer las aclaraciones necesarias.
6. Determinacién del Estado de la Técnica
El estado de la técnica se determiné con base en la fecha de presentacion de la

solictud de prioridad: Febrero 4 de 2005, y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

Itemn Documento Titulo Fecha de Publicacién
Antibody targeting of the EphA2
Cancer Research. Vol. | tyrosine kinase inhibits
15/ /

P11 "62.Pa0. 28402847 | maiignant cel 5/Mayo/2002
EphA2 moneclonal antibodies

D2 WO 03/094859 and methods of use thereof 20/Noviembre/2003
EphAZ agonistic monocional

D3 WO 2004/014292 f‘h”t't:::'es and methods of use 19/Febrero/2004

er

D1 http:/fwww.ncbi.nim.nih.gov/ipubmed/12019162 divuiga un anticuerpo que se une al
receptor EphAZ para el tratamiento del cancer (Resumen).

D2http:/iworldwide espacenet.com/publicationDetaits/biblio? CC=WOSNR=03094859&KC=&F T=E&loc
ale=en EP divuiga un anticuerpo que se une al receptor EphA2 para el tratamiento del
cancer (Pag. 5, parrafo 13).

D3http.//worldwide. espacenet.com/publicationDetails/biblio? CC=WOSNR=2004014292&KC =&F T=E&l
ocale=en EP divulga un anticuerpo que se une al receptor EphAZ2 para el tratamiento
del cancer (Resumen).
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7. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

La reivindicacién 1 consiste en una inmunoglobulina o un fragmento que liga a
antigeno sustancialmente purificada de la misma que es SPL1, LUCA19, SG5 o

LUCA40,

306

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de |a Técnica:

Caracteristicas
esenciales

D1

D2

D3

Una inmunoeglobulina o
un fragmento que liga
a antigeno
sustancialmente
purificada de ta misma
gue es SPL1,
LUCA19, 8G50
LUCA40

Un anticuerpo que se
une al receptor EphA2
para el tratamiente del
cancer

(Resumen)

un anticuerpo que se
une al receptor EphA2
para el tratamiento del
cancer

(Pag. 5, parrafo 13).

un anticuerpo que se
une al receptor EphA2
para el tratamiento del
cancer

(Resumen).

!
|
?

Los documentos D1, D2 y D3 se consideran el estado de la técnica cercano a la

invencion definida en la reivindicacion 1 porque:

D1 divulga un anticuerpo que se une al receptor EphA2 para el tratamiento del
cancer (Resumen). D1 también ensefia un &cido nucleico que codifica el dominio
extracelular del receptor EphA2 fusionado a una cadena pesada de inmunoglobulina

y celulas de hibridoma (Pag. 2841, “DNA-based Immunizations”).

La diferencia entre la invencion, definida en la reivindicacion 1y el anticuerpo de D1
consiste en que la inmuneoglobulina de la invencion es SPL1, LUCA19, SG5 o

LUCAA40.

D2 divulga un anticuerpo que se une al receptor EphA2 para el tratamiento del
cancer (Pag. 5, parrafo 13 y Pag. 119, reivindicacion 33). D2 también ensefia un
acido nucleico que codifica dominios variables del anticuerpo, un vector que
comprende el acido nucleico, una célula hospedera que comprende el vector, una
linea celular que produce el anticuerpo (Pag. 120-122, reivindicaciones 48 y 62-64) y

una composicion farmacéutica que comprende el anticuerpo (Parrafo 19).

La diferencia entre la invencién, definida en la reivindicacion 1 y el anticuerpo de D2
consiste en que la inmunoglcbulina de la invencion es SPL1, LUCA19, SG5 o

LUCA40.

D3 divulga un anticuerpo que se une al receptor EphA2 para el tratamiento del
cancer (Resumen, Pag. 94, reivindicacion 45). D3 igualmente ensefia un acido
nucleico que codifica dominios variables del anticuerpo, un vector que comprende el
acido nucleico, una célula hospedera que comprende el vector, una linea celular que
produce el anticuerpo {Pag. 95, reivindicaciones 56-58) y una composicion

farmacéutica que comprende el anticuerpo (Pag. 92, reivindicacion 28).

Expediente 07-78090

1er Art 45



307
La diferencia entre la invencién, definida en la reivindicacion 1y ef anticuerpo de D3

consiste en que la inmuncglobulina de la invencion es SPL1, LUCA19, SG5 o
LUCAA40.

Esta diferencia no parece conceder un efecto técnico inesperado o una ventaja a fa
inmunoglobulina reclamada en esta solicitud porque no parecen presentar una mayor
actividad moduladora del receptor EphA2 segun lo establecido en la descripcién.

El problema técnico objetivo de esta solicitud consiste en la necesidad de
anticuerpos que se unen al receptor EphA2 alternativos a ios ya conocidos en los
documentos D1, D2 o D3.

Teniendo en cuenta que los documentos D1, D2 y D3 ya divulgaban anticuerpos que
se unen al receptor EphA2 para e! tratamiento del cancer, la persona del oficio
medianamente versada en la materia habria inferido sin mucho esfuerzo de su parte,
generar lineas celulares para obtener mas anticuerpos con la misma actividad.

De manera que la solucion propuesta por esta solicitud en la reivindicacién 1y las
reivindicaciones 2 — 22, es obvia y no tiene Nivel Inventivo.

8. Conclusién

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

item Documento Reivindicaciones afectadas Requisito que afecta
Cancer Research. Vol : .
O _62.Paq 28402847 1o g Nhellnentvo
02 WQ 03/094859 1=-22 Nivel Inventivo
D3 WO 2004/014292 . 1-22 Nivel [nventivo

En cumplimiento del articuio 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante para dar respuesta a este requerimiento y presentarla por escrito.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literai e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

2

Elaborade por: Juan David Moncaleano,P W/
Revisado por. Consuelo Leguizamon.
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[CANCER RESEANCH 62, 2Rd0 2847, May {3, 2007]

Antibody Targeting of the EphA2 Tyrosine Kinase Inhibits Malignant

Cell Behavior®

Kelly Carles-Kineh.? Katherine £, Kilpatrick, Jane C. Stewart. and Michae! S, Kinch® *

Deparnnens of Busic Medical Science, Purdue Unvorsin Caseer Center West Lofavetee [ndiuna 97008 K CKL 0 C S0 M S K and Glove Southiling Plarmuccnniogs,

Rewerch Vriavgde Pavk, Novth Carafpee 27709 [N E K]

ABSTRACT ,

EphA2 is a transmembrane receptor tvrosine kinase thas is up-regu-
luted on muny agpressive carcinuma cells. Despite its overexpression, the
EphA2 on malignant cells fails to bind its ligand, cphrinA1, which is
anchored o the membranc of adjacent eclls, Unlike other receptor ki
nases, EphA2 demenstrates kinase activity that is independent of ligand
binding. However, ligand binding causes EphA2 to nepatively regulate
tumer cell growth and migration. Hereln, we translate knowledge of
EphA2 into strategies that selectively target malignant cells. Using 4 novel
approach to preserve extracellular epitopes and optimize antibody diver-
sityy we generated monaclonzl antibodies that identify cpitopes on the
extracellular domain of EphA2. EphA2 antibodies were selected for their
abilities to inhibit behaviors thut are wnique to metastatic cells while
minimlzing damage to nontransformed cells. A subset of EphA2 meno-
clonal antibodies were found to inhibit the soft agar colonization by
MDA-MB-231 breast cumaor cells but did nor affect monelayer growth by
nontransformed MCF-10A breast epithelial cells. These EphA2 antibodics
also prevented tumor cells from forming rubular necworks on reconsti-
ruted basement membranes, which s a sensitive indicator of metastatic
character. Biechemical analyses showed that biclogically active antibodies
induced EphA2 phosphorylation and subsequent degradation. Antisense-

.basccl targeting of EphA2 simitarly inhibited soft agar colonization, sug-

gesting that the antibodies repress malignant behavier by down-regulat-
ing EphA2. These results suggest an opportunity for antibody-hased
targeting of the many cancers thal overexpress EphA2, Qur studies also
emphasize how tumor-specific celluiar behavinrs can he exploited to
identify and screen potential therapeutic targets,

INTRODUCTION

The most life-threatening forms of cancer often arise when a
population of tumor cells gains the ability 10 ¢olonize distant and
foreign sites in the body (1), These metastatic cells survive by over-
riding restrictions that nonmally censtrain cell colenization into dis-
similar tissues (2). For example. typical mammary cpithelial cetls will
generally not grow or survive if transplanted 1o the lung, vet lung
metastases are a major cause of breast cancer maorbidity and mortality.
Recent evidence suggests that dissemination of metastatic cells
through the body can oveur long before clinical presentation of the
primary twnor (2). These micrometastalic cells mav remain donnant
for many months or vears after the detection and removaj of the
primary tumor (3). Thus. a berter understanding of the mechanisms

that allow for the growth and survival of metastatic cells in a foreign
.microen\-'ironmcm is critical for the Improvement of therapeutics
designed to fight metastatic cancer,

One barrier to the development of antimetastasis agenes has been
the assay systems that are used to design and evaluate these drugs. For
cxample. most conventional cancer therapics targer rapidly growing
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cells. Despite this, cancer cells do not necessarily grow more rapidly
but instead survive and grow under conditions that are nonpermissive
to normal cells (2). Also, many standard cancer drug assavs measure
tumor ceil growth or survival under typical cell culture conditions
(i.e.. monolayer growth). However, cell behavior in twa-dimensional
assays often does not reliably predict sumor cell behavior in vive (2.
4), Benign and malignant epithelial cclis arc often indistinguishable in
monctayer cnlture and yet behave very differently from each other
(and from their own behavior in two dimensions) when cultured on
soft agar or Mutrigel (4. 5). These differences are important, because
soft agar assays and Matrigel behavier have been shown to be more
predictive of in vivo behavior than cell behavior in monolayer (4-6),
Thus, three-dinensional assays provide a new platform to investigate
potential therapeutics,

The mechanisms by which metastatic cells subvert regulatory con-
trols in three-dimensional culture remain targely unknown. but aber-
rant signal transduction is known to mediate metastatic progression
(M. In particuiar. malignant celis often display elevated levels of
tyrosine kinase activiry {8 10). On the basis of cvidence that tyrosine
kinase metivity s necessary for tumor cell growrh, survival, and
invasiveness. constderable effort has been devoted to therapeutic
targeting of tyrosine kinases (11, 12). Monoclonal antibodies provide
a particularly anractive way 1o target tyrosine kinases on malignant
cells in that these enzyvmes have large extracellular domaing and are
often up-regulated in cancerous tissue (13). Promising new cancer
rreatments include antibodies directed against the extracellular do-
mains of the receptor tyrosine kinases. HER2 and epidermal growth
factar reeeptor (14 16). However, the relatively fow tumors thag
overexpress these molecules limits the clinical application of these
antibodies. Another setback can involve toxicity to normal tissues that
express the targer. Therefore, a need exists to identify molecules thai
arc ubiquitously up-regulated in metastatic cancers but of which the
targeting will not threaten normal tissue.

Previously, our laboratory identified tyrosine kinases that are se-
lectively overexpressed or functionally altered in malignant cells (173,
Much of our recent work has focused on EphAZ. which is up-
regulated in many aggressive cancer celis (18 223 We demonstrated
recently that EphA2 is a powerful oncoproiein. sufficient to cenfer
malignant transformation and tumorigenic portential on nontrans-
formed mammary epithelial cells when overexpressed {19). Interes-
ingly, EphA2 overexpression did not increase cellular growth raies of
cultures ip monolaver. Instead. the oncogenic patential of EphA2 was
mast apparent when using three-dimensional assavs. such az behavior
m soft agar and Martrigel (191

Several features of EphA2 make it an excellent candidate for
antibody-based tarpeting. First. the transmembrane receptor is found
at high levels on tumor cells relative to surrounding epithelium (13,
19, 22). The highest levels of EphA2 are consistently found on the
most aggressive tumor cells (V8 191 Also. multiple tvpes of epithelial
mors (i, breast. prosate. colon. lung, and skin) overexpress
Epha2, and a very large percentage of cells within these tumors share
this phenatype (18, 19, 223, Despite i1z overexpression. the EphA2 in
malignant cells fails to bind its ligand (23}, known as ephrinA 1. which
is anchered to the membrane of adjacent cells (24). Unlike other
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EFHAY ANVIBODY TARGE NG
receptor evrosine kinases., figand binding is not neeessary for EphA2
cnzymatic activity (23). However, the defect in ligand binding in
cancer cells is important, because binding o ephrinA | causes EphA2
10 negatively regulate tumor celt growth and migration (19, 23. 25).
Thus, an antibody that has been designed to mimic the actions of
ephrinA] may have the potential to reverse merasiatic behavior by
activating the high levels of EphA2 on 2 mmor cell surface. Herein,
we test a hvpothesis that antibody 1argeting of EphA2 can restore
nermal cellular contrels on growth in a foreign microenviromment,

MATERIALS AND METHODS

Cells and Antibodies. All of the mammary (MCF-104, MCFRohAZ
BT474. and MDA-MB-231) and prostatic (PC-3) epithelial cells were cultured
as described (18, 19, 23, 26). Antibodics fer phosphotyrosine {4G 0. B-cate-
nin, and EphA2 {D7} were purchased from Upstane Biologicals. Ine. (Lake
Placid. NY). Paxillin-speeific antibodies were the gift of Dr. K. Burridge
(University of Norily Carolina. Chapel Hill. NC). Additional EphA 2 amibodics
{EAZ 5 and ENDY were sereencd from existing hybridomas ¢17) using the
procedures detailed below, PIXBcl-2-13 cells were cutiured as deseribed (27).

DNA-based Immunizations, A plasmid (cedliphA2-Fe; kindly provided
by Dr. B, Wang. Case Western Reserve University. Cleveland. OH) encoding
tor a fusivon of the extracellular domain of EphA2 linked 1o immunoglobulin
heavy cham was used as the source of immunogen. DNA-based immunizations
vin the biolistics/RIMMS? procedure were performed as described previcusly
(27). Briefly. purified plasmid DNA was precipitated onto gold particles using
a caleium chloride methnd. Cach cartridge was prepared to contain a total of
1.25 g of DNA coaied onto 0.5 mg of gold particles. Bullets were stored at
A5C o the dark. A T-week-old female SIL mouse (The Jackson Laboratory.

Bar Hurbor, ME) was angsthetized with isoflurane for removal of fur and for
.immunizution (27). DiNA-coated gold particles were propeiled into the epider-
mal tissue of 1he thoracic site using a belium-driven gene gun (Powderlect),
regulated under 175 ps.i. pressure, Two cartridges. containing a total of 2.5 py
of eedEphA2-Fe plasmid, were delivered in overlaying shots to the thoracic
site en days 0, 5.7, and 9. On day 12, lymplioeytes were harvested bilaterally
{romt the axitlary and brachial lymph nodes of the immunized mouse. Lym-
phocytes were fused with P3XBel-2--13 cells a1 2 ratio of 2.5:1 using a protocat
reported previously (27).

FlugrELISA, Cell surface binding by anti-EphA2 antibodics to the EphA2
recepior was monitored using modifications to a reported assay (27). Flat-
bottomed tissue culture weunled plates {96-well; Costar, Cambridie, MA) were
treated with 100 ud of poly-t-lysine hydrobromide (Sigma, $t. Louis, MO)
dilured to 10 ugiml in C.1 w sodium phosphate jpH 8.0, for | h, Polv-L-lvsine
was removed from the wells before the addition of 100 ul of a cell suspension
of MIVA-MUE- 23 (posiiive for EphA D) or 107 colls {nopative contrals) at
concentration of 3w 10% cellsrwell, After inenbation evernight at 37°C, 5%
CO-. the cullure medium was geally removed. and 100 uf of supematants lrom
hviwidomas were incubated on cells at room temperarure for 1 h, The samples
woere wiashed theee times with 1< Dulbecco's PBS (pH 7.1: Lite Technologies,
Inc.. Grand Island. NY). Gout antimouse. Alexa Fluor 488 antibody (100 pl;
Maolecular Probes, Lugene. OR), diluted to 2 pg/ml in PBS, was added for [ h
at room temperature. After washing cells with PBS. PRS containing 2% FCS
.‘150 #1) was added to each well betore observation using an inverted Huores-
cenee micrescope {Model DM-IRB: Leica. Deerfield, 1L).

\WB, IP, and Kinase Assays. Western blot analyses and [Ps were per-
formed as described previously (23). Briefly, detergent extracts of cell mono-
layers were extracled in Tris-buffered saline comtaining 1% Triton X-100
(Sigma). After measuring protein concentrations (Bio-Rad, Hercules, CA), 1.5
wg of cell Jysate was immunoprecipitated, resolved by SDS-PAGE, and
translerred 0 nitrocellulose (Peotran: Schleicher wnd Schuell, Keene, NH).
Antibody binding was detected by enhanced chemtiluminescence (Pierce,
Rockford, ILY and aviorsdiography (Kodak X-OMAT: Rochesior, NY). To

' The abbrevianons used are: RIMMS, repetitive immunization, muliple sites: EA
anuhodies. EphA2 actvating antibodies: ecdEphA2-F.. frsion protein consisting of the
extraceltular domain of CphA2 linked to [gG-F . ECM, extracellular matrix: EN antibod.
s, andibodies hai do oot sumulate EphAll FluorELISA, Huorescence-based ELISA
procedure. 1AS, inverted sntisense; [P, immunaoprecipitation: WB, Western hlor unalvsis

INRIBITS MALKINANT CELLS

confirm equal sample loading. the membranes were stripped and reprobed with
antibodies specific for paxillin or B-catenin, fr viro analyses of EphA2
enzymatic activity were performed as detailed previously (231,

Cell Growth Assays, Colony formation in saft agar was perfermed as
described (19). For experiments with antibodies, an antibody (10 jg'mid or &
maiched vehicle (PBS) was included in the top agar solutions. Colony forma-
tion was scored microscopically using an Qlympus CK-3 jnverted phase-
contrast microscope ontfitted with a X240 objeetive. Clusters containing at least
three cells were scored as w positive. The average number of colenics per
high-powered field is shown, Ten separate high-pawer micrescopic fields were
averaged in cach experiment, and the resulis shown are representative of ar
least three separate cxperiments,

To measure anchorage-dependent cell growth, 1 @ 10% cells were seeded
into cach well of a six-well Ussue culiure-ireated dish (Costar). After 3 or 7
days ol incubation at 37°C, samples were harvested 1 a irypsin-EDTA
solution 1 Life Technologies, inc.) and counted using a hemacytometer {Ofvm.
pus 1X-70: Lugene OR). Lxch experiment was repeated at least three Himes.
and representalive results are reported. The statistical significance of all reswlts
was caleulated using a Student’s 7 test tMicrosoft Excel. Seagle, WA, defining
P <2 0.05 ag sigmificam.

Cell Behavior in Matrigel, The behavior of celis on Mutrigel was dna-
lyzed as described (19). Briefly, tssue culaure dishes were coated with Matri-
gel (Collaborative Biomedical Products. Bedford, MAY at 37°C helore adding
1 % 10* MDA-MB-231 or MCI-10A cells that had been incubated on ice for
1 b with the indicated antibody (10 pg/ml) or vehicle (PBS). Cells were
incubated on Matrigel for 24 h st 37°C, and cell behavior was assessedl nsing
an Olympus {X-70 faveried light microscope. Al of the tmages were recorded
onte 35-mm film (T-Max-400; Kodak).

Antisense Targeting of EphA2. To deereass EphA2 protein levels, MIDA
MB-231 breast carcinoma cells were rransiently transfected with phosphoro-
thivale-modified antisense oligonucleotides that corresponded to a sequence
that was fonnd to be unique to EphA2 as determined using a sequence
craluation  of GenBank  (F-CCAGCAGTACCGCTICCTTGCCCTGCG-
GCCG-Y) 1AS oligonucleotides (F-GCCUCGTCCCGTTCUTTCACCAT-
GACGACC-Y) provided comtrols for the vehicle and transtoetion, The celis
were transfected wirh oligonucleotides (2 pg'ml) using LipefectAMING PLUS
Reagenr (Life Technotowies. nc.) according to the manufacturer's protocol.
After transfection {24 h), the cells were divided. Haif of the cells were seeded
into soft agar. and the rermaining cells were exiracted and subjected to WB with
the EphAZ-specific antibody (D7) Ta control for sample loading, the mem-
branes were stripped and reprobed with paxillin antibodies

RESULTS

Isolation and Characterization of EphA2 Antibodies. To pen-
erate monocional antibodies against the extracellular domain of
EphAl. we combined gene gun-based immunizations with the
RIMMS immunization protocel (Fig. 14), Using a Powderlect gene
gun, an SIL mouse was immunized with the peDNA3-ecdEphal-F,
expression plasmid. This plasmid encodes for a fusion of the exmra-
cellular domain of human EphA2 that has been linked to human
immunoglobulin o facilitale seeretion of the fusion protein. The
Powderdect gene gun allowed transteetion of epidermal cells iv vio
(27), and consequently. the ccdEphA2-F protein was properly folded,
modified. secreted, and then recognized by the host mmune system.
The mice were inununized with the plasmid every other day for a total
of 12 days. This abbreviated schedule was intended to minimize
immunodominance and, thus. to optimize the breadth of different B
lymphocytes that could respond to the antigen (28).

Afier 12 days, the responding B lvmphocytes were isolated from
primary tymph nodes. The lymph node B lymphocytes were selecied
to ingrease the likelihood that class switching and affinity maturation
had already taken place, which was particularly important given the
abbreviated schedule (28). The use of lvmph node B lymphocvies,
rather than spleen cells. also increased the diversity of antipen recog-
uition, because only a small population of Iymph nedes cells are able
to colonize the spleen (273 The lymph node B cells were fused with
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A

Fig ). Generation and characterizafion of
EphaZ anubedies 4. shown b an overviiew of the
espernental stategy thal was wsed © genere
monoclonat annboedies agamst ithe EphA2 recepior
tyrosine kinase Briefly. mice were immumized us-
my the biolsiics and RIMMS procedues with a
plasimid that encadles for o fusion of the extracel-
lulay domain of EphA2 liked to inununogiobuiin
{1See text for dewasls), By wansfecting epidenmal
cells with EpRAY s veve this sirztegy optinuzed
the recopnyion of cenfermation-defined epitopes,
B, representative results of a FluorELISA experi-
ment wath EAT 2 antibodies were viewed using
epi-tluorescence  microscopy (=40 Whereas
kahAZ-overexpressing MDAMBL221 cells sained
prominenty, the EpbhAl-deficient line BT474 re-
vealed lnw-level immunareactivity, O spevificity tor
EphA2 was confimed by intnunoprecipialing cell
lvsates from MDA-MB-231 ceils with each candidate
antbody. followed by WEB with the known EphAl
antibmdy. D7 0. the failure of some antibodies
{shown here as £41.21 10 recognize EphA2 as meas-
uret! by Wesiern blor analvses revealed that some
vl annbodies generaied by our approach vecognized
native ar conformanon-defined epitopes on EphA2,
The relative mohility of nulecular mass standards is
shown on the Jef,

-

pha2

MDA-MB-23

W)

BT474

a myeloma (P3XBcl-2-13) that had been engincered to overexpress
Bel-2. The overexpression of Bel-2 in the myeloma cells minimized
apoptosis of the suhsequent hvbridomas during the fusion and sub-
clonmg procedures (28). The resulting hvbridoma cells were then
divided into 48 different bulk eulmires immediatelv after polyethylene
glyeol-medinted somatic fusion.

As a preliminary sereen for EphA2-immunoreactivity, supernatants
from bulk culmure hybridomas were screenced for immunorcactiviey
against EphA2, Our inmunization strategy was designed to identify
extracellular EphA2 epitopes on viable tumor cells. Thus, we used a
fluorescence-based ELISA protocol (FluorELISA), which selects for
antibody reactivity apainst live cells. This screening approach was
preferable to Western blot analyses, which might have biased against
antibodies that recognize conformation-restricted epitopes. Flu-
orELISA idemtified 44 bulk hybridoma populations that stained
EphA2.overexpressing tumor cells (MDA-MB-231) but not EphA2-
deficient ceils (BT474; Fig. 18), Immunoreactivity was confirmed
using fluorescence microscopy. which revealed a pattern of diffuse
membrane staining that was constsient with our previous suidies of
LphA2 subeellular locatization (data not shown; Refs. 19, 23). On the
basis of strong immunostaining of targei-positive but not target-
deficient cells. three hybridoma bulk cultures were initially selecied
for subcloning by flow cyrometry. Using supernatants from these
subcloned hybridomas. FluorELISA analysis was repeaied (the results
of a representative subelone is shown in Fig. 1B).

The EphA2 specificity of hybridoma subclones was confinmed
using multiple analyses {(Table |: Fig. 1. C and D). For example,
monolayers of EphA2-overexpressing (MDA-MB-231) cells were
extracted, and the lysates were immunoprecipitated with each candi-
date antibody (Fig. 1) The resulting material was resolved by
SDS-PAGE and subjecred to Western blor analyses with a known
EphA2 antibody (D7), The fmverse expuriment (fmmunoprecipitate
using D7 and blot with candidate antibodies) indicated that u subset of

cedfphA2-F,

Nt

RIMMS/Biolistics

ecdEphA2-F,

Plasmid-coaled :
, o \ p
= ((E=w

Bullei

Blot: D7

- g g

116+

i D7 EN2 EAIL.2

D IP: D7
.-
Blor: D7 EN2 EAL.2

the antibodies could not recognize EphA2 epitopes that had been
ablated during SDS-PAGE elecirophoresis (Fig. 15). However, the
EphA2 mmmunoreactivity of many of these antibodies (including
EALRY was restored when the lysates were collected and resolved
using nonreducing conditions (not shown). Finally. each candidate
antibody was tsotvped and found to be of the 1gG 1 subelass.
EphA2 Antibodies [nhibit Tubular Network Formation. Recent
studies have shown that wmor ce!l behavior within a three-dimen-
sional microenviroament. such as Matrigel, can reliably predict the
differentiarion state and aggressivenesy of mammary epithelial cells
(4, 5.29). Thus, we asked whether EphAZ antibodies would alter the
behaviar of mammary epithelial cells on Matrigel. Monolaver culures
of benign {MCF-10A: low EphA2 levels) or malignant (MDA-MB-
231, high EphAZ2 jevels) breast epithelial cells were incubated on
Matrigel in the presence of EphA2 antibodies (10 pg/ml) or vehicle
(PBS; Fig. 2). Within 24 h, nontransfonmed MCF-10A epithelial cells
had organized inte acinus-like spheres on Matrigel, which was con-

Table | Qverview of EphAl manaclanel antibodics

Two groups of EphA2 antibodies were identtied in this study: EA and EN antsbodies
The antibedies were evaluated for thew weehimeal applications as measured using WH. 1P,
and inmunotieerescence stimag (IFh as well as for their ability o inhibi wimer cell
{(MDA-MB-231, PC3) growth in soft agar or twbolar netwark formation on Marnyel
(MDA-MB-23, MCF ™3 The agicrisk (+) signifies o differenual alnlny of EA
antibodies to recogmze EphAl during WB. EA antibodies generally did nor recogmze
EphAZ under redncing condinons {aee text for detals)

EphA2 FEphal Soft Agar TN
Antibody WB 1P IF  Acnvatnen  Degradanon  [nhibiion  Inhibinon
Ea Group . - - - - B3 +
(EATL
ALY EAL
EAl EA3,
EAS)
EN Group - A - - - - -

(ENT, END)

* TN, mbular netvwerk formation
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PBS

Fig. 2. EAL2 antibodies prevent tubular nei-
work formalion by agpressive hreast cancer cells,
MDA-MB-23 {mp) or MOFHOA (hopomd cells
were incubated with the indicated amibodies (10
/mly o velicle (PBS) belore being plared onto
three-dimenstonal basement membranes composed
of Marrigel. Cell morphology was recorded 24 h
after platmg. MDA-MB-231 cells trealed with
veluele {rap lefit or EN2 antibody {rop cenrer)
orgunized into tubudar networks that invaded aop
angl throughout the Marzigel In conteast, treaiment
with EAT2 cuused MDA-MB-231 vells to fonn
sphencal clusters that resembled the ditferentiated
beluviar of nowiranstormed MCF-10A cells (bor-
twom fefty, Note that EALZ2 did not alter the ditter-
entiated phenotype MCF-10A cells (hotun righr).

MbA-MB-231

MCF-10A

sistent with their differentiated phenoatvpe (4, 19). Although MCF-
10A cells express EphA2 (19, 23), none of the EphA2 antibodies were
toxic to neontransformed cells or altered their abilities to organize into
differentiated structures (Fig. 2, botont panels; data not shown).
Unlike the differentiated behavior of MCF-10A cells, MDA-MB-
231 cells quickly assembled into tubular networks (Fig. 2, wop leff).
These nerworks progressively invaded all thronghout the Matrigel.
which was consistent with previous evidence of their aggressiveness
{3, 30). The formation of tubular netwarks was highly sensitive to
EphAZ antibodies, For example, EAL.2 antibodies prevented MDA-
MB-231 cells from erganizing into mbular networks (Fig. 2. rop

right). Instead, EAL 2-treated MDA-MB-231 cells assembled into .

spherical structures that resembled the behavior of differentiated cells
{albeit larger than structures formed by MCTF-10A cells), This dra-
matic change in behavior was reproduced using EphAZ-overexpress-
ing MCF-10 cells (MCFEPhA%Y Notably, MCF¥RA2 cells demon-
strated cvidence of cell death in the presence of EAL2 antibodies (not
shown). In contrast, other EphA2 antibodies, such as EN2, did not
prevent the formation of mbular nerworks. Our results suggest that
certain EphA2 antibodies alter tumor cell interaction with the sur-
rounding three-dimensional microenvironment i a manner that
s consistent with u less invasive and more highly differentiated
phenotype.

Sclective Inhibition of Malignant Cell Growth. On the basis of
evidence that EphA2 overexpression induces anchorage-independent
wnor cell growth (19), we asked if antibody targeting of EphA2 could
prevent tamor cell colonization of soft agar. MDA-MB-231 cells were
suspended in sofi agar for 7 days at 37°C ip the presence of purified
antibody (10 pg/ml) or vehicle contrel (PBSY. administered at the time
of suspension. Microscopic cvaluation revealed that some Ephi2
antibodies. such 2s LA1.2. inhibited at least 60% of soft agar colony
formation as compared with vehicle-treated controls (Fig. 34 Table
1. P < 0.0003}. Other EphA2 antibodies, such as EN2. did not alter
s0ft agar colonization (P > 0.3). EAL.2 similarly inhibited at least
60% of soft agar colonization by PC-3 prostate cancer cells
P < 0.0003: not shown), Contral experiments confirmed that neither
isotype-matched (TgG 1) controls (e, antipaxillin) nor antibodies
against intracellular epitepes on EphA2 (eg.. D7) decreased soft agar
calonization. On the basis of their differential effects on cell behavior
in soft agar and Matrigel. we were able i distinguish two subsets of
EphA2 antibodies. Those antibodies that actively inhibited tumor celt
growth were termed EA antibodics. whereas those antibodies that
were newtral to mmor cell growth were termed EN antibodies. The
differences between EA and EN antibodies extended to multiple

biolegical and biochemical outcomes {see Table 1). For the sake of
brevity, only the results of experimentation with a single EN or EA
antibody are reported. and these findings are reprasentative of the rwo
classes of EphA2 antibodies reported here,

In light of the decreased anchorage-independent growth, we asked
whither EphA2 antibodics woulkd alier the anchorage-dependent
growth of benign epithelial cells. To test this. 1 X 107 nonranstormed
MCF-10A mamimary epithelial cells were seeded inte plastic tissue
culture-treated dishes in the presence of EN2 or EAL2 antibodies,
Seven days after plating. the nuinber of cells was assessed microscop-
ically using a hemacytometer (Fig. 38). None of the EphA2 aniibodies
significantly altered the growth rates of nontransformed epithelial
cells, No inhibition of growih was observed at any dose of antibody

A B
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T _ - X

% 5 Y . =
p= 21000 b
o [
.g 4 L& .;
z ! 8 i“- sov | 2
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PRS  I:N2 EAILZ PBS  EN2 LALZ
C - 4000 T Y

= 3000 M

2

g 2000 B

o

2z

T 1000 frmme——— H

: [ ]

@
PBS EN2Z LAlLZ PBS  ENZ EAILZ
Day 3 Dy 7

Fig. 3. EphA2 nntibodies selectively inhibit mafignant growth. 4, MDA-MB-231 eells
were incubated in the presence of either purified EphA2 antibodies {10 pg/mt or vehicle
(PBS) for 7 dnys ot 37°C in soft agar, EAL2 (7 < 0.0003) but nat EN2 antibodies
(P > 0.3) significantly intnbited colony formation relative 1o vehicle treated controls
Results are reported as colonies per high-powered feld (JFPAL B2 % 107 MUTL10A cells
were grown in monelayer culure for 7 days i 37°C in the presence of 100 py ml ot ihe
wdicrred EphAd untibndies. Neither EA1.2 (P > 0.34) nor EN2 (P + 0.22) apnbndies
altered monclayer cell growth relanve 1o the vehicle contrel. € the mnnolaver growth of
2 % 10* MDA-MB-231 cells was evaluated microscopically after 3 or 7 days of
mcubition at 37°C in 108 gg/mi of the indicated anobodies Note thar EAY.2 aniibodies
did not sigmficantly dgacrease tumor cell growth after 3 davs in culture. However, afier the
samples had reachied contluence. the growih-inhibitory effects of EAL2 were derecied:
hars, =SD. ’

2843

Downloaded from cancerres.aacrjournals org on June 13, 2012
Coovrioht ® 2002 American Association for Cancer Rasearch

2\



EPHAZ ANTIBODRY FARGETING INHIBIIS MALIGNANT CELLS

Epha2

EN2

LAl M ﬁw_mgw”w{

e e

pmls 0 03 T 3 10 3G 0 03 1 310 30

C EphA2 D Paxillin
' , A )
EN? ! ——
B0acers . Bussuas
tal; E@e - - BEEuSad
1% o 1

Houri 0 03 § 2 4 § 24 G 05 1 2 4 324

Fig 1 Growth mhbitory amibivies promaose tyrosine phosphorviation and degradaiion
of EphA2 i and 8 monelavers of MDA-MB-23] vells were incubated m the presence of
the mdiated amount of purificd EphA 2 anubodies Tor 8 min ot 37°C 4 cell Iysaies were
ther umunepracipiated with un EphAZ-specitic antibody (D, resolved by SDS-PAGE.
and subyected o WA wih o phospholyrosne-specific antibody (4G 1), 8. the membranes
were stripped and reprobed wih DT as o Inading eontrol. The reladve mobiluy of
molecular moss standards i shown on the Jegfi. C monolavers ol MDA-MB-231 celis were
incubated in the presence of 30 poml of the indicated antibodies or vehicle (PBS) far
D=2 b 37°C, Cell lysates were then resolved by SDS-PAGE and subjected 1o WH with
the EphAl-specific antibody, D7. D, the membrnnes were stripped and reprobed with a
paxillin antiboddy as a louding control. The relative mobility of moleculir mass standards
is shawn on ke fefi.

or time point (not shown). The failure to inhibit MCE-10A cells did
not result from a tack of EphA2 on MCF-10A cells or from an
inabiliry to bind EphAZ on these cells, as determined by innmmumeflu-
orescence nticroscopy (data not shown).

Tdentical studies with MDA-MB-231 cells revealed fundamentai
differences berween how the EphA2-specific antubodies affeet anchor-
age independent versus dependent cell growth, After 3 days in culnure.
nonc of the EphA2 antibodics had altered the anehorage-dependent
{monolayer) growth ol MDA-MB-231 cells (Fig. 3C, /et side), which
was similar 1o our findings with nontransformed epitheliat cells,
However after reaching vonfluence, the growth of EAL.2-treated
cultures {as measured on day 7) was reduced by at least 30% in
EA.2-treared samples compared with vehicle or EN2-matched con-
trols (Fig. 3C0 P << 0.08). Identical monolaver growth assays vsing
EL.2 antibody-treated PC-3 celis resulted in a similar panern of
growth, with inhibition of growth detected only after cells had reached
confluence (daiz not shown), We reasoned that the decreased cell
numbers a1 later tumes might have resulted from an inhibition of
anchorage-independent growih. such as occurs after eclls reach con-
fluence. Altogcther. our analyses indicate that TA antibodics selce-
tively impair the malignant growth of carcinoma cells (i.e.. anchorage-
independent growih} without inhibiting the anchorage-dependent
growth or survival of nonteansformed epithelial cells.

Antibody-dependent EphiA2 Degradation. We then sought to
determine the mechanisin by which EphA2 antibodies, such as EAL.2,
inhibit malignant behavior. We were able to eliminate that the bio-
logical activities of EphA2 antibodies reflected differential EphA2
binding, because, for example. EN2 and EAI.2 bound comparably
well to EphA2-overexpresing amor cells as measured using Flu-
otELISA, immunofivorescence microscopy, and 1P (Fig. t8; data nor
shown), Therefore, we hypothesized that biologically active (EA)
antibodics might have riggered EphA2 autophosphorvlation, whereas
biologically neutral (EN) antibodies did not, Tu study EphA2 stimu-

lation, MDA-MB-23] cells were incubated with EN2 or EAL2Z anti-
bodies for 8 min at 37°C (Fig. 4. 4 and B). EphA2 was then inimu-
noprecipitated with D7 amibodies. reselved by SDS-PAGE. and
subjected to WB with the phosphotyrosine-specific antibody 4G 10,
Treatment with EAL2 consistently increased the phosphotyrosine
content of EphA2 in a dose-dependent manner. whereas treatment
with EN2 did not induce receptor autophosphorylation ar any dose.
Thus, the growth-inhibitory actions of EphA2 antibodies correlated
with their abilitics to stimulate EphA2 autophosphorylation.

Autophgspharyiation often fates receptor tyrosine kinases to be
internalized and down-regulared via proteolysis. To ask if the BA1.2
antibody down-regulates Tphal, MDA-MB-231 cclls were treated
with PBS. EN2, or EAL.2 antibodics for 0 24 h. and EphA2 protein
levels were evaluated by WB. Biologicatly active antibodics. such as
EA1.2, decreased EphA2 levels within 2 h. and low levels of EphAZ
persisted for at least 24 h (Fig. 4. C and D). In contrast, the EN2
antibody did not alter the levels of EphA2. which was consistent with
its inability 1o rrigger EphA2 autophosphorylation (Fig, 40). EphA2
was smmilarly degraded in response to other EA antibodics (data not
shown). Thus, the growth-inhibitory actions of EphA2 antibodies
related to receptor degradation,

With many receptor kinases. ligand-mediated autophosphorylation
i$ necessary for intrinsic enzymatic activity {313, whereas the kinase
activity of EphA2 does not require receptor antophosphorviation {23).
To ask if anubody-mediated autophosphorylation wonld alter EphA2
enzymatic activiry, MDA-MB-23] cells were treated in the presence
of absence of EAL.] antibodies as detailed above, Equal amounts of
protein lysates (Fig. 5.4) were then immunoprecipitated vsing D7
antibodies. One hatf of the immunoprecipitate was analyzed using in
vitro autophosphorylation assays. Despite dramaric differences in
phosphotyrosine content. EphA2 demonsirated comparable levels of
enzymatic activicy in control and EAIl.l-treated samples (Fig, 58}
Over time, the amount of EphA2 enzymaiic acrivity decreased in
saimples that had been treated with EA antibodies. Western blot
analyses of the remaining sample indicated that the reduced EphA2

A B

o Kinase Assay
B-catenin or] o —— -
' -
S ’
C > Cesrmo |
EphA2 - d T
|~ —
P-Tyr
. ;‘ I
e

PBS & 24 CoPAsS e

FALL EALI

Fig. 5. Antibody treatment is not necessary for EphA2 enzymatic activity. Monolayers
of MDA-MB-231 cells were incubated with EALT nniibodies for § ur 290 min a1 17°¢
or with PBS tor ¥ min (g a velnele contrel). Bxtracts of ceil lysures were subjetted to
Western blot analyses to determine EphA? levels and 10 confirm equal sample loading (4)
befare 1P of the remaining sample with D7 antibodies, Halt of the immunopreciprated
EphA2 was subjected to an wn vitro mtophosphorvlation assay (8), which was resolved by
SDS-PAGE and subjected w avtoradiography. & mock IP of cell lvsates with an irelevant
antibody {denoted a~ 't provided a control for nonspecitic background, The areowheud
denotes the retative mobiliry of labeled EphA2, The remaining half of the sample wis
subjected o Western blot analyses with antiphosphotyrosine (4G10) and EphA2-specific
antibodies to ensure EphAZ stimsulation and equal sample loading. respecuvety (¢ Note
thus the level of EphAZ enzvinmiine activity relutes directly to the amount of EphA2 protemn,
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enzymatic activity related dirccily to lower levels of EphA2 protein
{Fig. 5C). Thesc sudics verity that the enzymaric activity of EphA2
does not require receptor phosphorylation and indicate that EA antj-
bodies ultimately serve to abrogute EphA2 enzymatic activity by
degrading EphA2 (23).

We then asked if EN anubadies cauld prevent EAL. I -mediared
EphA2 autophosphorylation and subsequent degradation (data not
shown). However, preincubation in a 10-fold excess of EN2 did
not prevent EphA2 autephosphorylation by EA1.], Similarly, EN1
did not prevent EAL.l-mediated depradation of Epha2. ELISA-
based epitope mapping studies revealed that EN1 and EN2 recog-
nized difterent epitopes on EphA2 than those that were recognized
by the different A family members,

Decreased EphA2 Levels Block Tumor Cell Growth. Although
the growth-inhibitory actions of EphA2 antibodies correlated with
EphAZ down-regulation. it was unclear whether decrensed levels of
EphAZ2 were directly responsible for decreased tumor cell growth. An
alternative possibility was that antibodies such as EAL.2 could trans-
mit signals that decrease soft agar colonization. To distinguish be-
tween these possibilities, we developed an antisense oligonucleotide-
based approach that decreased EphA2 expression in tumor cells
independent of EphA2 activation (Fig. 6.4). Monolayers of MDA-
MB-231 rells were treated with 2 ug/ml of an antisense oligonucleo-
tide that was specific for human EphA2. Western blot analyses con-
firmed that antisense oligomicleatides sclectively decrcased TphA2
cxpression in MDA-MB-231 cclls, whercas an IAS did not (Fig. 64).
We then suspended MDA-MB-231 cells in soft agar and found that
EphA2 antisense oligonucleotides decreased soft agar colunization by
at teast 50%0 as compared with matched controls (Fig. 68). Consistent
results with EphA2 anubodies and antisense oligonucleotides thus
indicate thar decreased EphA2 expression is sufficient 1o decrease
wmaor ¢ell growth,

DISCUSSION

The major finding of this study is that monaclonal ansibody target-
ing of EphA2 sclccrively inhibits malignant cancer cclls. We also
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Fig 6. Decreased EphA2 protein levels are sufficient to reduce temor cell colapization
of soft agar. Monolayers of MDA-AB-231 celis were ransfected with 2 pg'ml of EphA2
antisense or JAS ohgonucleondes @ 37°C for 24 . 4, WB of whole cell lysaies with
EphAZ-specitic D7 antibody coniirms that transfection with andsense oligonucleotides
decreases EphAZ protein levels. The membranes were smipped and reprobed with paxillin
anvbodhes ag a leading conwol. The relstive mebilite of molecala mass standards s
shown on the iofr B MDA-MB-231 cell monolavers, mreated with amtisense ohgonucleo-
trlew s detiled above, were suspended in soft agar for 7 davs before muweroscopie anslysis
ol eolony Gumanen. Note thay coluny formabon by MODA-MB-23 cells s s sigmificmiby
mpaived by EphAl antsense ohgonecleotndes as compared with the 1AS control
1P = 0000 Resulls are reported as colomes per high-powersd figld {HPFY bare, =5D

show that inhibitory antibodics induce EphA2 autophosphorylation
and degradation, and that decreased EphA2 protein expression is
sufficient to inhibit tumor cell growth. This study is the first 1o show
that the metastatic behavior of tumor-derived. EphAZ2-overexpressing
cancer cclls can be reversed using monoclonal antibodies. Another
novel aspect of our present study is thar stimulation of EphA2 de-
creases malignant cell growth by decreasing EphA2. Thus, we pro-
pose that EphA2 overexpression is necessary for the metastatic be-
havior of these cells. Finally. we outling new procedures to generate
and test monaclonal antibodies that have heen directed against umor
cell antigens. In particular. recent understanding of tamor ceil hehav-
ior in three-dimensional assays can be used to design approaches that
selectively inhibit malignant cells while mintmizing toxicities to nor-
mal cells.

The mechanism of EphA2 antibody action invoives EphA2 siimu-
lation. At first glance. this seems counter-intuitive, because activaied
receptor Tyrosing Kinases usually wansmit signats that promote cell
growth and invagiveness (31, 32). In contrast, the enzvimatic activiry
of EphA2 docs not require receptor autophosphoerylation (23). Con-
sistent with this, i virro and in vive phosphopeptide mapping studies
confirm that a predicted “activation loop™ tvrosine is not phosphory]-
ated in EphA2.* Phosphorylation of such activation loop moiifs lib-
cratcs the cnzymatic activity of other receptor tyrosine kinases, but
this motif does not appear to regulate EphA2 (31, 32). Ongoing
studies are secking ro determine the stiuctural pasis that allows for
constitutive EphA2 enzymatic activiry,

Rather thar triggering enzymatic activity, biologically active ann-
bodies induce autophosphorylation-mediated TphA2  degradation.
Thus, antibady stimulation of EphA2 disposes of a powerful oncop-
rotein. Consistent with this. the interaction of EphA2 with its cognate
tigand. cphrinAl, similarly induces EphA2 degradation.® A relared
wechanisin has been proposed to explain the bivlogical actions of
Hereeptin, which stimulates HERZ autophosphorylation and degrada-
tion {33} Whereas tyrosine phesphoryiated TEphA2 negatively regu-
lates tumor cell growth. unphosphorylated EphAZ fanctions as a
powerful oncaprotein {19). One possible explanation for these dra-
natic differences in behavior is that tvrosine phosphorytation of
EphA2 could cause it to interact with different substrates. Consisters
with this hypothesis. tyrosine phosphorvlated EphA2 localizes to
different celtular sites than unphesphorylated EphA2 (23).7 Indeed.
ongoing studies are secking to conteast substrates that are phosphp-
rylated by EphA2 before and after treatment of tumer cells with EA
antibodies,

We cannot exclude that antibody stimulation of EphA2 alse trans-
mits signals that actively inhibit nunor cetl growth, indeed. ligand.
mediated activation links EphA2 to downstream signals that decrease
tumer cell attachment to underlying ECM (23, 25). Because ECM
attachments transmit signals that promote cell growth and survival
{34), decreased ECM artachments could also contribute to decreased
tumor cell growth, Akthough consistent results with EphA2 antibodies
and antisense strategies suggest that decreased EphA2 decreases tu-
mor cell growth, future investigation could digtinguish the relative
contributions of EphA2 signaling versus EphA2 degradaion to the
biological consequences of EphA2 antibodies.

EphAl provides an attractive antigen for monoclonal antibody
targeting, High levels of EphA2 apply to niany human cancers.
including metastatic melunomas. breast. prostate. and celon carcino-
mas (I8 19, 21 23, 35 37). Furthenmore. EphA2 stably binds its

M. 8. Kinch
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1 Walker-Damels and M. S, Kinuh, Actvation-dependent degradation of the EphAL
Kinase., nunuserip! s preparalion

Mhusphupeptide mapping at the EphAT kndse, manuseript m prep-
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ligands in nontransformed epithelial cells; unstable cell-cell adhe-
sions, in particular those caused by the loss of E-cadherin function.
prevent ligand binding in merastaric cells (23). Differential ligand
binding could expose EphA2 epitopes on tumor cells that are steri-
cally occluded by ligand in nontransformed cells. Even if the anti-
bodies were to bind and stimutate EphA2 on nontransformed epishe-
tial cells, they would likely trangmit signuls that are nonmally
conveyed by endogenous ligands. We suggest the gross EphA2 over-
expression on malignant cells exaggerates the biochemical and bio-
logical curcomes of antibody stimulation.

Our studies identify differences in the growth regulation of non-
transformed and malignant epithelial cells that can be exploited using
EphA2 antibodies. EphA2 antibodies selectively inhibit the anchoe-
age-independent growth of metastatic cells, whereas the anchorage-
dependent growth of nontransformed epithelial cells remains un-
changed. The sclective inhibiton of rransformed cell growth is even
more dramatic. because the nontransforimed MCF-10A cells that were
used in our studies had levels of EphA2 that are higher than would
likely be cncountered in vive.”

Anather outcome of our study is that three-dimensional assays of
wmor ceil behavior {soft agar colonization and Matrigel behavier)
provided the most sensitive wavs to screen antitumor agents. Three-
dimensional assay systems can model certain behaviors thai are
unique to umor cells, which cannot be accurately conveved by
maonolayer assay systems (4, ). Had our studies relied on monolayer
ussays of tumar cell growth. we may have incorrectly conctuded that
antibody targeting of BphA2 has no cffect on metastatic behavior,
Similarly, the oncogenic potential of overexpressed EphA2 becomes
most apparent when studied using soft agar and Matrigel (19, Thus,
our results support the use of three-dimensional assavs for the pre-
clinical evaluation of oncogenes and antitumor agenis,

Our demonstration that EphA2 antibodies inhibit tubular network
formation is interesting in light of recent evidence that network
formation can predict vasculogenic mimicry, a mechanism by which
metastatic cells can underge vascularization independent of endothe-
lial cetls {38. 39). Congistent with this, EphA2 is highly overexpressed
in metastatic melanoma cells that are capable of vasculogenic mim-
icry. and antisense targeting of EphA2 prevents tubular nenwork
formation (20). An implication of our present study is that. in addition
to their impact on wmor cell growth. EphA2 antibodies might have
value for inhibiting tumor angiogencsis via inhibition of vasculogenic
mimicry. Furure investigation could determine whether EphA2 anti-
bodies inhibit mimeor neovascularization, either alone or in combina-
tien with approaches that targer endothelial cells.

An important technical feature of our present study is the apptica-
tion of biolistics and RIMMS to generate antibodies against cell
surface protweins. Gene gun-based immunizations increased the sensi-
tivity of antigen recognition and helped generate antibodies with
conformation-defined cpitopes, because the antigen was synthesized,
folded. and secreted i vive (27). By minimizing immuncdominance,
the RIMMS strategy increased the diversity of responding B lympho-
cytes {40. 4. We have generated previously antibodics against
EphA2 using protein antigens (£ 7): however, the use of plasmid-hased
transfections can increase the efficiency of identifving epitopes that
arg exposed fn vive, In addition to their sucvessful application to
EphA2 here. it is tikely that the biolisties/RIMMS combinarion can be
applied to other antigens where conformarion-defined or weakly im-
munogenic epitopes are desired.

These studies suppest that the EphA2 on twmor cells can be targeted
using monoclonal antibodies to selectively inhibit mmor cells. On the

" M. $. Kinch, unpublished observations.

basis of its overexpression. EphAZ might also serve as a target for
small molecule inhibitors of enzymatic activiry, However, strategics
that ablate EphA2 enzymatic activity could impart undesired toxici-
tics. because lgand-bound EphA2 negatively regulates malignant
growth, and because EphA2 reguluies other phyvsiological processes.
such us vision (42). Uldmatelv, improved stritegies (o target EphA2
should have significant therapeutic value by optimizing damage to the
many tumor cells that overexpress EphA2 while minimizing injury o
normal tssues. The information conveved here might also help to
identify and target other antigens that are overexpressed or function-
ally altered on tumor cells.
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